Abstract. The abundance and diversity of wood decomposing fungi were investigated by isolating and cultivating filamentous fungi from wood and by detection of fruit bodies of ascomycetous and basidiomycetous fungi. The objective was to study the impact of forest management on fungi in 100-year-old oak and 87-year-old Scots pine forests in Northern Poland. Fungi were found on coarse woody debris of decayed stumps and fallen logs, boughs and branches in each of the three (managed and unmanaged) examined stands. In total, 226 species of Oomycota and fungi were recorded. Oak wood was colonized by one species of Oomycota and 141 species of fungi including Zygomycota (19 species), Ascomycota (103 species) and Basidiomycota (19 species). Scots pine wood was also colonized by one species of Oomycota and 138 species of fungi including Zygomycota (19 species), Ascomycota (90 species) and Basidiomycota (29 species). In the first, second and third stages of decomposition, the oak wood was colonized by 101, 89 and 56 species of fungi respectively and pine wood was colonized by 82, 103 and 47 species respectively. Eighty three of the observed species (37%) occurred on both types of wood, while the other species displayed nutritional preferences. A decrease in the number of species with advancing decay indicates the necessity for a continuous supply of dead wood to the forest ecosystem.
Introduction
Dead wood is presently considered to be a crucial element of forest ecosystems. The inventory of dead wood resources on permanent observation plots (POP) showed that the amount of dead wood substance (stocks after cut-down trees, standing and down trees with diameter over 10 cm) in polish woods amounts to 0-298 m 3 /ha (Czerepko et al. 2008) . The largest resources were found in diversified, in terms of age and species, forest stands of Carpathian beech forest and multispecies fertile oak-hornbeam forest in strict reserve of the Białowieża National Park. The smallest resources, on the other hand, were found in young pine forest stands. The amount that provides conditions for essential diversity of destruents ranges from 50-200 m³/ha. The amount depends on the type of the forest (Buchholz et al. 1993; Byk, Mokrzycki 2007) .
Protection of biodiversity requires leaving the deadwood in forest in different stages of decomposition (Forest Protection guidelines).
Maintaining microorganisms' biodiversity in forestry is necessary. It leads to a competition that eliminates mono-culture, that is, absolute domination of single organisms, including plants' pathogens, and determines the durability and harmony of natural ecosystems (Gutowski et al. 2004) .
The main colonizers of wood are fungi due to their cellulolytic characteristics (Rayner, Boddy 1988) . Fungi decompose wood causing white, brown or soft-rot. The type of rot depends on the degree of decomposition of cellulose, hemicellulose and lignin, as well as on the enzymatic properties of colonizers. The decomposition of beech, Douglas-fir and pine wood caused by fungi was examined by Savory (1954) , Seifert (1983) , Crawford et al. (1990) , Worrall et al. (1997) , Harju et al. (2001) , Venalainen et al. (2003) and Fukasawa et al. (2005 Fukasawa et al. ( , 2009 .
Purpose of this research was to learn:
• the possibilities of natural colonization of dead wood by fungi from surroundings,
• the structure and succession of mycobionts colonizing the wood of oak and pine, and
• nutritional preferences of fungi. The goals listed above in economic forests allow for the development of effective guidelines for managing dead wood resources in the context of target volume and reaching a compromise between forest management and nature protection. The practice of forestry should answer all the functions of forest, while preserving environments for saproxylic and saprotrophic organisms' development.
Materials and methods
The research material was samples from stocks (upper ring of 10 cm), logs and branches (20-30 cm wide), collected one -time in August of 2014, each time on 2.8 ha area from: (i) 100 year-old forest stands of reserve's common oak (Quercus robur L.) from Drawa National Park (53.08 N 15.27 E; seven samples from logs and six from branches; six, four and three samples were characterized by 1, 2 and 3 degrees of wood decompositions respectively, according to a 5-step scale similar to Hunter's scale (1990) , (ii) 100 year-old economy forest stand of common oak from Smolarz forest inspectorate (52.83 N, 15 .83 E; eleven samples from stocks and four from branches; eight, five and two samples were characterized by 1, 2 and 3 degree of wood decomposition, respectively), and from a 87-year-old pine forest stand (Pinus sylvestris L.) from Torzym forest inspectorate (52.31 N, 15 .08 E; nine samples from stocks from economy forest stands, four from logs and three from branches; four samples from stocks from reserve's forest stands were collected were four samples from stocks, ten samples from logs and four from branches; twelve, sixteen and six samples were characterized by 1, 2 and 3 degree of decomposition, respectively). Drawa National Park, Smolarz and Torzym forest inspectorates' forest stands were chosen for the research to recognize the communities of fungi in reserve and economic forest stands.
In the first degree of decomposition (after 1-3 years), the wood was healthy with unchanged structure and colour. After 5-20 years, bark and around 30% of wood showed symptoms of decay and decomposition in the second degree of decomposition. In third degree (after 20-30 years), more than 30% of wood showed symptoms of decomposition and the bark was completely reduced.
The day after collecting samples, 36 inocula (5-10 cm long) from each sample were placed on PDA (39 g l−1 Difco PDA, pH 5.5) and SNA (1 g l−1 KH2PO4, 1 g l −1 Kno 3 ,
sucrose, 20 g l −1 agar) nutrients. Isolation was made from 1008 inocula of oak and 1224 inocula of pine. The fungi were marked on the base of morphology of the colony and sporulation that occurred on nutrients (Domsch et al. 1980; Seifert et al. 2011) . Fungi fruiting on wood were identified on the base of the morphology of fruiting body. The degree of colonization of sample by the given taxon was expressed by the percentage of colonized inocula (filamentous fungi) or samples (fungi fruiting on wood).
Results
The wood of oak and pine was colonized by 226 taxa of Oomycota and Fungi (Table 1) . Oak wood was colonized with one species of Oomycota and 141 species represented by Zygomycota (19 species), Ascomycota (103 species) and Basidiomycota (19 species). Pine wood was colonized by one species of Oomycota and 138 species of fungi represented by Zygomycota (19 species), Ascomycota (90 species) and Basidiomycota (29 species). In the first, second and third stage of decomposition, oak wood was colonized by 101, 89 and 56 species of fungi, and pine wood by 82, 103 and 47 species of fungi. Eighty-three species (37%) of fungi were present both on oak and pine wood. For the remaining, the fungi stated was nutritional specialization. On wood, in first and second degree of decomposition, stated was 20 and 16 taxa in oak wood.
Discussion
Dead wood is a part of circulation of matter and a natural environment for many organisms, including saproxylic and saprotrophic fungi. Matter from dead wood returns to circulation thanks to destruents and connected with them nutrient relations. The role of fungi in the process of decomposition is significant. They produce ectoenzymes allowing for decomposition of lignificated tissues. Lignin is generally unattainable for other destruents. A part of the species of fungi is related with specific species of forest trees.
It has been stated that there were 141 and 138 species of fungi on wood of oak and pine. The number of species was higher than 96 on wood of beech, which were stated by Fukasawa et al. (2009) . Oak and pine wood, like beech wood, was colonized mainly by fungi from Zygomycota and Ascomycota class. According to Gutowski et al. (2004) , Ascomycota colonize the wood of coniferous trees less frequently than deciduous trees. Results from our research confirm these observations; stated was 103 and 90 species of Ascomycota on wood of oak and pine.
Zygomycota, Ascomycota and Basidiomycota grew satisfactorily on used synthetic nutrient. Not highly selective glucose-potato (PDA) nutrient allowed for obtaining colonies that stood out with the pace of growth, structure and colour. SNA nutrient stimulated sporulation of Zygomycota and Ascomycota, allowing for fungi identification. Majority of Basidiomycota does not sporulate and fructify, not only on used PDA and SNA but also on other synthetic nutrients. That results in relatively high percentage of 'other Basidiomycota' marked on the base of presence of fibula in mycelium (Table 1) . Large presence of Penicillium spp. only partly indicated from their nutritional preferences and ecological specialization. Fungi from Penicillium genus sporulate profusely. Numerous, small and light spores easily transported in nature by wind, water and insects allow for their common spread what results in their frequent detection. omnipresence of Penicillium spp. in connection with their cellulolytic properties (Nilsson 1973 (Nilsson , 1974 Poszytek 2016) leads to conjecture about their significant role in the process of wood decomposition.
Zygomycota and Ascomycota cause wood's soft rot. In nature, this process runs due to alternate wet and dry seasons, and at high and changeable absolute wood humidity (40-220%). Decomposition runs quite slow and is limited only to surface layers of wood (2-4 mm) attacked in the period of higher humidity. During drought, the decomposed wood crumbles, giving access to mycelium to colonize in the deeper layers, which leads to decomposed during the next damp season. Fungi colonize mainly on the exposed layers of wood due to lower concentration of carbon monoxide (Eaton, Hale 1993) . Due to the influence of climate for many years, the decomposition and decay of wood reaches a considerable size.
It is claimed that fungi that cause soft rot belong to secondary colonizers, present at the final stages of decomposition (Fukasawa et al. 2011) . Our research showed that Ascomycota occurred in the earlier stages of wood decomposition. Gradually, in the case of oak, the number of species decreased, and in the case of pine, it increased and then decreased. The reduced number of species promoted the increase of degree of colonization by single, dominant species, inter alia Chaetosphaeria vermicularioides, Mucor spp., Mariannaea elegans, Penicillium spp., Sporothrix schenckii and Trichoderma spp. Partly, these observations are consistent with Fukasawa et al. (2009) report. They also stated increase and then decrease in the number of species and degree of colonization of beech wood with progressive decomposition.
The number of species and the degree of colonization are negatively correlated with cellulose, hemicellulose and lignin contents in wood (Fukasawa et al. 2009 ). The drop in diversity of fungi in final stages of wood decomposition, beside lack of adequate food, may also be caused by competition and dominance of certain species. Fast growing species (e.g., species from Absidia, Mortierella, Mucor genus) effective in competing over substrate and living-space, and antagonistic species (among other species from Penicillium, Trichoderma genus) with the ability of antibiosis and parasitism may eliminate many earlier colonizers (Galgóczy et al. 2005) . Slow-growing species, like Ch. vermicularioides, M. elegans, S. schenckii, which occur more frequently on strongly decomposed wood, are probably not very competitive in gaining living-space but effective in using secondary food nutrients. Their presence in antibiosis cannot be excluded.
Majority of identified Ascomycota species belonged to Dothideomycetes, Eurotiomycetes and Sordariomycetes. Therefore, it should be noticed that not only Xylariaceae decomposes wood (Rayner, Boddy 1988) . Fungi from Trichoderma genus were the most numerous representatives of Sordariomycetes. Trichoderma spp. was less intensively colonized and did not decompose wood due to the lack of enzyme decomposing lignin, present in structures of early colonization (lamella of cells and outer cell wall) (Eaton, Hale 1993; Fukasawa et al. 2005) . Before reaching cellulose, the fungi require earlier lignin decomposition by other fungi (Schwarze et al. 2000; Schmidt 2006 ). In earlier stages of decomposition, high interspecies diversity of Trichoderma was observed. in wood of pine, there were nine species present. In the later stage of decomposition, dominance of three of the most competitive species was visible: T. harzianum, T. koningii and T. viride. Last species was particularly numerous, despite that, accordingly to Fukasawa et al. (2011) , it was a weaker destruent of wood. Trichoderma viride does not stop only at cellulose. It uses only a small percent of cellulose and supplements shortages in food through mycoparasitism (Dennis, Webster 1971; Kumar et al. 2010) , which ensures its large presence.
Zygomycota are fast-growing fungi that sporulate numerously. They are oligotrophic to mesotrophic and thermos -tolerant. They do not have any ligninolytic or cellulolytic features (Nilsson 1973) . They require earlier wood decomposition by other fungi. They belong to secondary species colonizing the substratum rich in simple carbohydrates (Hudson 1968; Osono, Takeda 2001) . Increase in their frequency to 3 (in oak) and 2 (in pine) stadium of wood decomposition results from nutrition preferences and slower pace of oak wood decomposition. The wood contains tannins, which in contact with water or soil react with phosphates of iron that increases its durability and access for fungi.
During wood decomposition, fungi succession was observed. It was consistent with the scheme stated by Gutowski et al. (2004) . Initially, according to Fukasawa et al. (2009) , its course depended on physicochemical properties of wood (mainly density), enzymatic properties of fungi, ecological specialization and then on wood and nitrogen. Saprotrophs were present on each stage of decomposition. Initially, they were accompanied by plant parasites (optional and weak, e.g., species from genus Alternaria, Botrytis, Cenangium, Ceratocystis, Cladosporium, Cylindro-carpon, Cytospora, Epicoccum, Fusarium, Gibberella, Nectria, Ophiostoma, Paraconiothyrium, Porodaedalea, Phoma, Pyrenochaeta, Sclerotinia, Sphaeropsis, Truncatella) . communities of saprotrophs decomposing cellulose and using simple organic compounds in still fresh tissues (among others from genus Acremonium, Chrysosporium, Humicola, Peniophora, Phialocephala, Phialophora, Phlebiopsis, Rhinocladiella) in time become enriched by entomophagy (among others Pochonia bulbilosa) and there is an increase in the number of soil species (among others from genus Penicillium + Talaromyces, Pseudogymnoascus, Sporothrix, Trichoderma) (Nilsson 1973 (Nilsson , 1974 . Ascomycota from Acremonium, Cadophora, Lecythophora, Oidiodendron, Phialophora and Phoma genus, which are characterized by slow growth, were present first in initial two stages of oak and pine wood decomposition. Mariannaea elegans and Myrmecridium schulzeri were present in the third (Table 1) . Crawford et al. (1990) , Lumley et al. (2001) , Fukasawa et al. (2009 Fukasawa et al. ( , 2010 and Kim et al. (2009) observed that Basidiomycota dominated in the initial stages of wood decomposition, which was later replaced by Ascomycota. Our observations indicate that Basidiomycota occur much less frequently than Ascomycota in each stage of decomposition. In oak wood, there were more Basidiomycota fungi in the initial stages of wood decomposition, in comparison to pine wood.
Wood humidity is often a determinant of colonization and its effects. Particularly, strong influence of high humidity (= 200%) on decomposition of wood by T. harzianum was observed by Fukasawa et al. (2011) . On pine wood examined by us, T. harzianum, observed belonged to the dominant species in 1 and 2 stage of decomposition. That seems to be confirming the suggestions regarding strong humidity preferences of this fungus. The latter relate to specifics of lignin and cellulose hydrolysis. Range of species in fungi succession on wood of oak and pine was similar only in 37% cases. The stated was nutritional or ecological specialization of other species. Those latter also occurred occasionally or locally. However, they should not be ignored. Rare fungi often have specific enzymatic abilities that allow them to complement food deficiencies of plants and other organisms in the ecosystem. Rare or local species are extremely vulnerable to extinction.
Global warming, lowering of the level of ground water and drying of large areas of Poland (Kamińska 2013) does not influence favourably on preserving the biological diversity of fungi. With reference to the above, dead wood should be treated as an essential element in the improvement of situation and maintaining ecological balance.
Conclusion
The decrease in number of fungi that help in progressing decomposition indicates the necessity to systematically leave fresh parts of dead wood. It provides continuity of development process of fauna and flora, and guarantees stable development of forest stands. it seems appropriate to supplement dry-wood with wood of different species of trees when taking into consideration nutritional and ecological specialization of many species of fungi.
